We mapped average age-adjusted stroke mortality rates for white men and white women aged 35-74 years for state economic areas (counties or groups of counties) in the continental United States for three 7-year periods between 1962 and 1982. Despite the decline of national stroke mortality rates, rates in some areas failed to decline between 1962-1968 and 1969-1975. All areas experienced declines in 1976-1982, by which time some rates in the highest decile of the rate distribution were comparable to rates that had been in the lowest decile in 1962-1968. An east-west gradient of high-to-low stroke mortality rates was evident for both white men and white women in all three periods. Within the eastern part of the United States, high rates appeared more commonly in the South, and more so for white men than for white women. The "stroke belt" (area of very high stroke mortality rates in the coastal plain of the South) became less concentrated over the 2 decades, while a clustering of state economic areas with high rates along the Mississippi River and in the Ohio River valley became more pronounced. (Stroke
P
revious studies have reported considerable geographic variation of stroke mortality rates in the United States. '-3 While the quality of diagnoses on death certificates is questionable, 4 especially for studies of individuals, certification studies have suggested that large differences in stroke mortality between high-and low-rate areas are real 5 and reflect differences in the same direction in incidence and, possibly, case fatality. 6 It is well known that there have been rapid declines in mortality from stroke over the last few decades. We present changes in the geographic distribution of stroke during this period of decline for white men and white women aged 35-74 years at the level of state economic areas (SEAs).
Subjects and Methods
We used annual mortality data from the National Center for Health Statistics (NCHS) and population data from the Census Bureau to generate annual 5-year-age-specific stroke mortality rates (deaths per 100,000) for whites by sex for each of the 507 SEAs (single counties or groups of counties with similar social and economic characteristics) in the continental U.S. We focused on whites due to the large geographic variation in the composition and size of nonwhite populations. International Classification of Disease codes for the seventh (330-334, 1962-1967), eighth (430-438, 1968-1978) , and ninth (430) (431) (432) (433) (434) (435) (436) (437) (438) (1979) (1980) (1981) (1982) revisions have comparability ratios close to unity. We did not include data for New Jersey for 1962 and 1963 because the state did not code race on death certificates in those years. We obtained data for 1972 from a tape of all deaths prepared for the Environmental Protection Agency and the National Cancer Institute because NCHS coded only 50% of the 1972 deaths. We adjusted annual age-specific rates for whites between 35-39 and 70-74 years old for age using the direct method and the 1970 total US population distribution as a standard. We computed rates for combined years and regions as weighted averages of SEA rates using the white population aged 35-74 years in each SEA as weights, and these rates may differ slightly from directly age-adjusted rates for longer times and larger regions due to the proportional hazards assumption involved in using this method.
We present separate maps for white men and white women for three 7-year periods: 1962-1968, 1969-1975, and 1976-1982 . Annual data were grouped into three periods to divide the 21 years equally and to increase the stability of the stroke mortality rate estimates for individual SEAs. Each map includes a graph of the frequency distribution of stroke mortality rates and a shaded bar showing FIGURE 1. Stroke mortality map, age-adjusted stroke death rates per 100,000 white men aged 35-74 years, 1962 -1968 the rates by deciles; the lowest decile is in white, the second decile in light gray, the middle six deciles in medium gray, the ninth decile in dark gray, and the tenth decile in black.
Results Figure 1 shows that SEA stroke mortality rates for white men aged 35-74 years in 1962-1968 varied from a low of 61.1 to a high of 243.5 per 100,000. The weighted mean of all SEA rates in this period was 119.7 per 100,000 (Table 1) . A striking cluster of SEA rates in the tenth decile can be observed in the Southeast (Mississippi, Alabama, Georgia, North Carolina, and South Carolina). Most SEAs with rates in the ninth and tenth deciles are in the South. Lowest rates occurred in the western half of the country, particularly in the Plains and Rocky Mountain states. Despite the decline of national stroke mortality rates for white men between 1962-1968 and 1969-1975 (from 119.7 to 110.1 deaths per 100,000 [ Table  1 ]), the range of SEA rates remained virtually unchanged in the period of [1969] [1970] [1971] [1972] [1973] [1974] [1975] (Figure 2 ). Although declining rates clearly predominated (as indicated by lower rates at the 10th, 20th, 80th, and 90th percentiles of the distribution), there were some SEAs for which stroke mortality rates either increased or did not change. While the gross geographic pattern observed in 1962-1968 is evident in 1969-1975 , there was some break-up of the concentration of SEAs with the highest rates in the Southeast and an increased concentration of SEAs with rates in the ninth and tenth deciles along the southern Mississippi River and the Ohio River valley.
In 1976-1982, there was a marked reduction in the range (Figure 3) as well as the mean (Table 1) of SEA stroke mortality rates for white men. The distribution of rates was relatively less compact. While the broad east-west gradient was maintained, there was continued break-up of the cluster of SEAs with rates in the ninth and tenth deciles in the Southeast and a continuing emergence of a cluster of SEAs with highest rates along the Mississippi River and in the Ohio River valley.
The range and mean ( men. Rates for white women in 1962-1968 showed the same broad east-west gradient observed for white men but with a relatively more Northeast and North Central distribution of SEAs with the highest rates and a more Central, rather than Western, distribution of SEAs with the lowest rates ( Figure  4 ). Compared with white men, white women show fewer high-rate SEAs along the lower Mississippi River but more high-rate SEAs along the upper Ohio River valley. SEAs with high rates in the Southeast are more clearly confined to the coastal plain for white women than for white men. In 1969 In -1975 , the range of stroke mortality rates for white women was reduced due to a lower maximum rate, the distribution was shifted to the left, and the minimum rate remained about the same ( Figure 5 ). The high rates in the Southeast and the low rates in the Plains states were still evident, while the high-rate SEAs in Indiana and Ohio were more pronounced.
As for white men, stroke mortality rates for white women dropped dramatically between 1969-1975 and 1976-1982 (Table 1, Figure 6 ). Maps for white men (Figure 3 ) and white women (Figure 6 ) show their greatest similarity in this period, with three bands of high-rate SEAs running in generally southwest-to-northeast directions along the Mississippi River and Ohio River valley, the southern Appalachian Mountains from Alabama through West Virginia, and the Southeast coastal plain. This pattern is clearer for white men than for white women.
The magnitude of the decline in stroke mortality rates can be observed by comparing the extreme deciles of the distributions in the first and third periods. For both white men and white women, some values that in 1962-1968 occurred in the first decile (white) would be in the tenth decile (black) by [1976] [1977] [1978] [1979] [1980] [1981] [1982] . The distributions of rates in the first and third periods show little overlap despite their temporal separation by only 7 years. Between 1962 Between -1968 Between and 1976 Between -1982 , the US mean stroke mortality rate fell 36.7% for white men and 35.1% for white women ( Table 1) .
Discussion
Maps of age-adjusted stroke mortality rates for white men and white women aged 35-74 years in three periods show considerable geographic variation. In comparing our maps it is important to note that the shading reflects the rank order of death rates separately for each sex and period. Thus, our maps focus on the relative geographic variation of mortality. In broad terms, there is evidence of a similar pattern of higher stroke mortality rates in the eastern U.S. and lower rates in the western U.S. for both white men and white women in all three periods. This east-west gradient is similar to FIGURE 5. Stroke mortality map, age-adjusted stroke death rates per 100,000 white women aged 35-74 years, 1969-1975, continental 35-74 years, 1976 -1982 the broad geographic distribution of heart disease mortality rates.
7
Within this broad pattern, however, a number of consistent smaller aggregations of SEAs with high stroke mortality rates can be observed. Perhaps the best known is the region of very high rates in the Southeast coastal plain known as the "stroke belt." 8 Despite the large declines in stroke mortality rates between the early 1960s and the early 1980s, and the presence in our latter two map periods of an increasing number of lower-rate SEAs in the rest of the South, the coastal plain SEAs of the Southeast remain in the ninth and tenth deciles of national rates for both white men and white women.
Other high-rate SEAs in the eastern U.S. occurred in the southern Appalachian Mountains and along the Mississippi River and in the the Ohio River valley. The Mississippi-Ohio River concentration became more pronounced for both white men and white women over the 2 decades. By 1976-1982, both Indiana and Ohio contained a number of SEAs with stroke mortality rates in the ninth and tenth deciles for both white men and white women. Pennsylvania contained several SEAs with rates in the ninth and tenth deciles for white women in both 1962-1968 and 1969-1975. SEAs with stroke mortality rates in the first and second deciles were most consistently found in the Plains, Mountain, and Pacific states for both white men and white women, though some low-rate SEAs, especially for white women, occurred in the eastern U.S. Of the eastern states, only Florida consistently contained SEAs with rates in the first and second deciles for both white men and white women.
In the past, stroke mortality rate maps have been presented for states, 2 SEAs, 1 and counties. 3 Our SEA maps show considerable variation within states that would not be apparent from state maps. On the other hand, due to the instability of mortality rates in small populations, 9 county maps can produce less clear spatial patterns and have in the past led some authors to conclude that there is little geographic variation in stroke mortality rates. 
